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Abstract 
Turpan area is one of the harsher climate areas in the world. It belongs to the continental desert 
climate in warm temperate zone, the highest temperature is up to 48.3ć in summer (2008) and the lowest 
temperature in winter is low to -28.9ć (1998).  The number of days of wind speed more than 17.0 m/s 
are 80.3 on average and the annual rainfall is only 16mm[1].  However, Turpan area is rich in solar energy 
resources and the annual sunshine hours are 3200 on average.  Thus the key to architecture design is how 
to withstand extreme climate conditions and make full use of solar energy resources. 
The case integrates active solar systems and passive solar effect is achieved simultaneously, such as 
shading, ventilation, insulation, etc.  The effect such as sheltering from the wind, guiding the wind and 
shading sunlight is achieved by setting up semi-translucent PV curtain and certain number of cavity on 
exterior wall.   More, the solar ventilation system between the PV curtain wall and exterior wall can take 
away the heat generated from the PV curtain wall and interior rooms; PV skylight roof can adjust the 
illumination of the atrium to avoid too low or too high illumination; The extruding PV curtain wall can 
block sunlight radiation on the underlying window to achieve self-shading. 
Keywords: harsher climate areas; active solar systems; passive solar effect 
1. Preface 
Located in the eastern part of China’s Xinjiang Uygur Autonomous Region, Turpan area is a 
mountain basin to the east of Mount Tianshan dubbed as “the land of fire”.  It used to be the political, 
economic and cultural centers in west China.  It is also the site with more historic relics of the Silk Road.  
With over 3,000 sunshine hours annually, Turpan area boasts abundant solar energy resources. The 
thermal radiation from sunshine totals 9.8 trillion calories a year in the area, or 139.5 calories per square 
centimeter. The area has many advantages to make full use of the solar energy resources.  In this area, for 
instance, 1.5 GW of PV projects on the ground have been established and they will increase to 2 GW by 
2015.  However, when it comes to apply solar energy systems in architectures, the first thing that needs 
dealing with is the harsher climate. (Fig. 1) 
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Fig. 1. (a) Mysterious and beautiful Turpan plateau; (b) Photovoltaic power plant in Turpan 
 
Despite the rich solar energy resources, Turpan is one of the areas with the worst weather in the world.  
It belongs to the continental desert climate in warm temperate zone, with 100-plus days a year that have 
an temperature higher than 35ć.  The highest temperature is up to 49.6ć in the summer and the earth 
surface temperature is usually higher than 70ć, with a record high of 82.3ć.  The winter, however, is 
extremely cold, with the lowest temperature at -28.7ć.  The area has dramatic temperature disparity both 
within a day and a year.  The number of days with wind speed more than 17.0 m/s is 80.3 on average a 
year, while the annual precipitation is only 16.4 mm and the annual evaporation capacity is as high as 
over 3,000 mm. The harsher weather poses more challenges to architecture design and solar energy 
equipment when applying the solar systems in buildings. 
China attaches great importance to the research and development of solar system combined with 
architecture.  During the past several years, China has started many research projects aiming at solar 
system integrated with buildings.  This case is one of the research fruits of the 863 program, or the State 
High-Tech Development Plan. 
2.  Introduction to the case 
2.1. Geographic location and technical indexes 
The Central Control Building of PV Demonstration Area is located in the new energy microgrid 
demonstration area in the eastern part of Turpan, Xinjiang.  Technical indexes are listed in Table 1. 
Table 1. Technical index 
Item Index 
Floor space 1909.04΃ 
Building height 9.925m 
Building Stories 2 stories 
2.2. Design Principles 
This case is about the Central Control Building of the new energy micro-grid demonstration area in 
Turpan.  It is designed to control and manage power systems in the demonstration area, as well as to 
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showcase the combination of new energy systems, especially the PV system, and architecture.  Based on 
functions of the building, this case complies with following principles: 
1) Maintaining the architecture features and characteristics of Xinjiang 
The culture in Xinjiang is influenced by Han ethnic group culture, European culture, Indian Buddhist 
culture and the Islamic culture of Persia and Arabia, making it totally different from any other regions in 
China.  Thus, local architecture features should be maintained, so as to fit into surrounding buildings. 
2) Realizing Building Integrated Photovoltaics (BIPV) 
As a demonstration center for the combination of new energy systems, especially the PV system, and 
architecture, this case should display from all aspects the integration of new energy systems, especially 
the PV system, and architecture, to realize its demonstrative effect. 
3) Prioritizing the application of passive solar effect 
With ingenious architecture design, this case should apply active solar systems and at the same time 
achieve passive solar effect, such as shading, ventilation and insulation, so as to withstand the negative 
influence of the harsher weather. 
3.      Architecture design and technology applications 
3.1. Problems and Solutions 
  To deal with the harsher climate in Turpan area, some corresponding technical solutions have been 
adopted in architecture design and technology integration design in order to avoid or reduce negative 
influence from the harsher climate.   Problems and solutions are listed in Table 2. 
Table 2. Problems and Solutions 
 
Severe 
winter 
Frequent 
strong  wind 
Intense 
sunshine 
High thermal 
radiation 
Square-shape body to lower shape 
coefficient 
PV curtain wall used as a wind shield 
Projecting curtain wall to block direct 
sunshine 
Exterior angle-adjustable board for 
shading and blocking wind
Self-shading  
PV ventilation system 
Skylights ventilation 
PV skylights to adjust sunshine 
Problems Solutions 
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3.2.  Architecture design 
       Belonging to one of the regions with frigid climate, Turpan has extremely cold winter with the lowest 
temperature at -15ć. To reduce heat loss in the winter, this building is square-shaped to minimize the 
shape coefficient.  The plane size is 33.8m×33.8m on the first floor and 35.4m×35.4m on the second floor.  
The shape coefficient is only 0.32, which minimizes heat loss in exterior envelope. (Fig. 2) 
       
 
Fig. 2 (a) First floor plan; (b) Second floor plan  
A curtain wall is built outside the body of the second floor of the building, with thin-film PV modules 
curtain wall on the southeast and southwest sides, and coated glass curtain wall on the northeast and 
northwest sides.  A corridor is built to connect the curtain wall and the body of the building to form a 
double-skin facade.  Turpan architecture elements are applied to the design of the curtain wall, so that the 
building fits into surrounding architectures. (Fig. 3) 
 
       
 
Fig. 3 (a) Perspective of the building; (b) Turpan traditional architecture 
 
A PV skylight roof is installed in the display hall in order to offer natural lighting while avoid too 
much sunlight entering the hall (atrium). 
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Fig. 4 (a) The appearance of the building; (b) interior atrium 
3.3.    Technology Applications 
  Based on the solutions in Table 2, active and passive solar technologies applied in this case are listed in 
Fig. 5. 
 
 
                                 Fig. 5  Technological application 
3.3.1 Thin-film PV modules curtain 
Turpan area has intense solar radiation.  To effectively utilize 
solar energy resources, a thin-film PV modules curtain is installed in 
the southeast and southwest of the exterior wall.  The modules 
curtain has a light transmittance of 20 percent, and the electricity 
generated is used for lighting, heat supply and ventilation inside the 
building.  A cavity is formed between the PV modules curtain and 
the exterior wall, which can achieve sunshade effect and reduce the 
heat caused by solar radiation.  The cavity is also a building 
component to reduce interior temperature owing to the connection 
with the ventilation system.                                                                         Fig. 6   Thin-film PV modules curtain 
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The thin-film solar cell modules with 20 percent light transmittance can effectively decrease sunshine 
from going into the atrium and make the atrium as a more comfortable place. The modules curtain can 
also prevent strong wind blowing in but can carry enough fresh air into the atrium through its ventilation 
holes. (Fig. 6) 
3.3.2  The PV skylights and shading blind 
The PV skylights with 50% light transmittance installed on the top of display hall can meet the 
demand of lightening and at the same time block excess sunshine directly getting in.  Therefore, the 
illumination of the display hall can be optimized. 
Angle-adjustable shading blinds are installed on one side of the wall to avoid strong light radiation.  It 
has the following advantages: 
1) Adjusting itself according to requirements of different rooms to add comfort; 
2) Easily getting cleaned because the shading blinds are installed inside the room; 
3) Reducing direct sunshine into the room and lowering interior temperature by reducing heat from 
solar radiation. (Fig. 7) 
 
 
Fig.7 (a) Shading system; (b) shading blinds  
3.3.1  The application of passive solar technology 
The thin-film PV modules curtain installed outside the body of the second floor can block direct 
intense sunshine on first-floor exterior façade in the summer. Besides, after accurate calculation the 
curtain wall on the second floor extruding with a reasonable distance can make sunlight shine in without 
any blocking in the winter.  In this case, the curtain wall makes sure that no sunshine directly shines in 
from May 22 to July 16. 
     An elevated overhead roof is adopted on the other part of the roof out of the PV skylights as double 
roofs, which can effectively block direct sunshine on the roof.  When the temperature of the overhead 
roof gets higher, it will heat up the air in the space between, accelerate airflow in the space and then take 
away heat from the space.  The temperature of the roof below will be eventually lowered. (Fig. 8) 
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Fig.8 (a) Self-shading of the building; (b) the ventilation under elevated roof  
3.3.4 PV ventilation system and skylight ventilation 
    Ventilation blinds and PV ventilation system are installed on top of the whole parapet of the building. 
The floor slab of the corridor between the modules curtain and exterior wall is made of steel grating 
enabling the air to go into the cavity through it.  The thin-film PV modules curtain gets hotter from 
sunshine and heats up the air in the cavity.  Then, the PV ventilation system emits the hot air in the cavity 
to the outside through the fans installed on the parapet.  Thus, fresh air is brought into the cavity through 
the ventilation holes on the curtain wall and the steel grating, thus, cooling off the cavity. This can also 
emit hot air inside the rooms to outside through the cavity and reduce the temperature of the exterior wall 
and interior rooms and cold load. 
Some vertical skylights are installed around the PV skylights to strengthen natural ventilation.  Once 
the PV skylights roof receives sunshine, it will generate electricity as well as gather much heat on the 
back side, heating up the air around the PV skylights roof.  After opening the vertical skylights, the hot air 
will go outside through it due to thermal pressure, bringing out air from the display hall and other rooms 
to emit to the outside through the skylights. This can on the one hand strengthen natural ventilation of 
inside rooms and, on the other hand, lower the inside surface temperature of the PV skylights and reduce 
cold load of interior rooms. (Fig. 9) 
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Fig.9 (a) PV ventilation system; (b) skylight ventilation 
3.3.5 Simulated validation 
The author has taken a simulated analysis  to the design scheme by Ecotect software in order to 
validate the effect of shading.   


Fig. 10 Ecotec model
1 Self-shading effect of the building 
Simulating total sunshine time on the southern wall of the first floor in the summer. 
 


Fig.11 Simulated comparison of sunshine time on the southern wall of the first floor 
The simulated data indicates that self-shading of the building can block more than 85% of sunlight 
shining on the building directly during the whole summer.  The effect is evident.   
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
Fig.12 Simulated comparison of solar radiation on the hottest day on the southern wall of the first floor 
The simulated data indicates that on the hottest day in Turpan region self-shading of the building can 
reduce 90% of direct solar radiation on the southern wall and effectively reduce the temperature on the 
surface of the exterior wall.
      2 The effect of shading of PV modules curtain 

Fig.13 The comparison of solar radiation received by the southern wall in the summer 
      The simulated data indicates that when PV modules curtain generates electricity it can block directly 
shining of sunlight on the southern wall of the second floor at the same time and reduce more than 60% of 
the solar radiation, thus, effectively reducing surface temperature of the exterior wall.   
4  Conclusion 
      In this project, the application of active and passive solar technology can produce energy resource or 
reduce energy consumption while it can also resist adverse influence to the building caused by harsher 
climatic conditions such as frequent strong wind, strong sunshine, high radiation, etc.  It has active and 
popular significance to Xinjiang area with harsher climate.   
      At present, the project is in construction.  Its PV modules curtain has been completed basically.  So, 
the author has made a simple test on the effect of the curtain.   
 
 
 
Fig.14 (a) The building in construction; (b) the installation of PV modules curtain 
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Fig.15 (a) Temperature test on the southern curtain, (b) southern exterior wall and (c) southern exterior wall of the first floor  
Table 3. Testing data on temperature (Aug. 24, Beijing time 13:30) 
Location Temperature˄ć˅ 
The surface of southern curtain 53.5 
The interior surface of southern curtain 49.5 
Interior surface of the wall shaded by 
curtain 
38.2 
Exterior surface of the wall without 
shading 
46.3 
Exterior surface of the wall shaded by 
the building itself 
40.1 
It can be seen in Table3 that the extrusive PV curtain can effectively block sunlight shining in directly 
and reduce the surface temperature of the building.  
Other tests can not been done because the project has not been completed.  The author will make an 
all-around tracking test when it is completed and put in operation in order to validate the effect of all 
technical measures mentioned above.   
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